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Supplementary Notes
Translation of "Reikan kako shita 18Cr-12Ni sutenresu ko no yakinamashi kBka to Mo, W, oyobi V tenka no eikyo," 16. AbstroctThe effect of alloying elements on mechanical properr ties of cold-worked 18Cr-12Ni stainless steel is examined. TBf@rh& lesanes nespring limit of 18Cr-12Ni stainless steel, soft in solution2treated condition, increases with increase. o cold reduction. Low-temperature annealing after cold work increases the spring limit. Substitutionally dissolved ferrite-forming elements --molybdenum, tungsten and vanadium Timprove mechanical properties of steel, though relatively slightly in cold work and subsequent annealing condition. Addition of molybdenum is most effective, with a spring limit of 100 kg/mm 2 after annealing at 500 0 C after 90% reduction, Other mechanical properties of this steel are also improved by this treatment, a hardness of 500 DPN and tensile strength of 170 kg/mm 2 being obtained.
I. Introduction
/346* The authors previously reported that, when 18Cr-12Ni stainless steel is given powerful cold working and a suitable heat treatment, it will display spring properties comparable to those of beryllium steel. Furthermore, the magnetic permeability will not exceed 1.02 (300 Oe). Therefore, it is useful as a nonmag-
Here are reported the results obtained when it was dissolved in austenite and when molybdenum, tungsten, and vanadium, which were expectedtto increase the strength [3, 4] , were each added individually for the purpose of improving the mechanical properties and the spring properties. The effects after cold working and low-temperature annealing were investigated.
II. Specimens and Experimental Methods
The chemical analyses of the specimens used in these experiments are shown in Table 1 . The method for preparitg the specimens was the same as that in the previous report [1] . After heating in a vacuum high-frequency furnace, they were given annealing, hot rolling, solution heat treatment, and cold rolling.
The thickness of the test pieces was 0.5 mm.
For the mechaftical properties, the Vickers hardness, the tensile strength, and the Young's modulus were measured. For the * Numbers in the margin indicate pagination in the foreign text. 
III. EExperimental Results and Discussion

Mechanical Properties
The relationships between the reduction of area by cold working on the one hand and the hardness and tensile strength on the other are shown in Fig. 2 . As the reduction of area increases, naturally there is also an increase in the hardness, but at a reduction of area greater than 50%, the rate of hardening by working is relatively small. When molybdenum is added at the cold worked state, there is a slight increase in the hardness, but addition of tungsten and vanadium has no effect. Specimens given Soecalled solid solution (2) contact point, (3)glow lamp, (4)knife edge, (5) loading key, (6) steps for strain adjusthardening effect can be obment,(7) span adjustment screw.
served to a certain degree.
However, it would be inconceivable that any martensite-suffiient to make a contribution to the hardness could be produced by cold working. REPROD)UCI3BILIT OF 3
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The tensile strength also rises as the reduction of area ii cold working increases. Addition of molybdenum, tungsten, and vanadium increases the tensile strength, and in each case as the amount added is increased, there are increases in the tensile strength. The tensile strengths of samples given 90% cold working are 140 kg/mm 2 for C-1 and 145-150 kg/mm 2 for those to Which molybdenum, tungsten, and vanadium were added.
In Fig. 3 
.. believed that this is because --
We wish to discuss the mechanism of low-temperature annealing hardening in our next report. Time (min) after heating; after the maximum 
8M-3
In every case, the maximum tensile When specimens were annealed for 1 hour at 50000 after having been given 90% cold working, their Young's modulus was approximately 16,500 kg/mm 2 
Spring Properties
We reported inaa previous paper [1] that the spring limit of 18Cr-12Ni stainless steel unddrwent few changes in cold working, but was remarkably raised by low-temperature annealing. However, the ultimate value reached after low-temperature annealing will be higher the greater is the reduction of C-cworking and the srping limit value.
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The results are shown in Fig. 7 . In /349
60 18-12-W Wevery case, the spring limit rises W-2 as the reduction of area increases.
The addition of molybdenum, tungsten, and vanadium also improves the spring 20 60 limit value. Next, in Fig. 8 annealing, there is a pronounced rise in the sBathcliitut as compared with the hardness and the tensile strength [7] . The spring limit value corresponds to the yield strength in tension testing, as is clear from the measuring method. Therefore, the pronounced increase caused by low-temperature annealing is understandable.
Furthermore, the annealing temperature at which the spring limit reaches its maximum value is 6000-6500C, which is hjgher than that for C-1. This is also more than 10000C higher than the temperature at which the hardness and the tensile strength reach their maximum values. The cause of this is unclear. However, when heating is performed for a long time at temperatures in the vicinity of 6000C, carbides are precipitated on the grain boundary, and this causes grain boundary corrosion [8] . Theref6re, it is is believed necessary for the annealing temperature in actual 8 practice to be less than 5000 C when one takes into-consideration the corrosion resistance as well.
Magnetic Properties
In Table 2 are shown the changes in ther(mggnatic permeability p in specimens given 50%, 70%, and 90% cold working when they were annealed for 1 hour at intervals of 1000.C within the range of 100-600 0 C. In the "as-rolled" state, the magnetic permeability increases slightly as the reduction is increased in all cases. 
IV. Summary_
The effects of molybdenum, tungsten, and vanadium on the properties of cold-worked 18Cr-12Ni stainless steel were investigated, and the following results were obtained.
(1) The addition of molybdenum and tungsten improves the spring properties and the mechanical properties. When vanadium is added, the properties do not always improve When the amount added is increased, and the maximum value is displayed when a certain amount is added.
(2) When molybdenum, tungsten, and vanadium are added, the spring limit reaches its maximum value in annealing at 600-650 0 C, but the hardness and tensile strength reach their maximum values at 5000C and do not differ from cases when these elements are not added. (5) The optimum low-temperatureaannealing conditions for M-2 specimens are 500 0 C for 1 hour when the corrosion resistance is taken into consideration. Ninety-percent cold rolled specimens treated under these conditions had a hardness of 500 DPN, a tensile strength of 165 kg/mm 2 , a Young's modulus of 16,900 kg/mm 2 , and a spring limit value of 100 kg/mm.
